The decision aid called ''Adjuvant Online'' (Adjuvant! for short) helps breast cancer patients make treatment decisions by providing numerical estimates of treatment efficacy (e.g., 10-y relapse or survival). Studies exploring how patients' numeracy interacts with the estimates provided by Adjuvant! are lacking. Pooling across 2 studies totaling 105 women with estrogen receptor-positive, early-stage breast cancer, the authors explored patients' treatment expectations, perceived benefit from treatments, and confidence of personal benefit from treatments. Patients who were more numerate were more likely to provide estimates of cancer-free survival that matched the estimates provided by Adjuvant! for each treatment option compared with patients with lower numeracy (odds ratios of 1.6 to 2.4). As estimates of treatment efficacy provided by Adjuvant! increased, so did patients' estimates of cancer-free survival (0.37 > r s > 0.48) and their perceptions of treatment benefit from hormonal therapy (r s = 0.28) and combined therapy (r s = 0.27). These relationships were significantly more pronounced for those with higher numeracy, especially for perceived benefit of combined therapy. Results suggest that numeracy influences a patient's ability to interpret numerical estimates of treatment efficacy from decision aids such as Adjuvant!.
The decision aid called ''Adjuvant Online'' (Adjuvant! for short) helps breast cancer patients make treatment decisions by providing numerical estimates of treatment efficacy (e.g., 10-y relapse or survival). Studies exploring how patients' numeracy interacts with the estimates provided by Adjuvant! are lacking. Pooling across 2 studies totaling 105 women with estrogen receptor-positive, early-stage breast cancer, the authors explored patients' treatment expectations, perceived benefit from treatments, and confidence of personal benefit from treatments. Patients who were more numerate were more likely to provide estimates of cancer-free survival that matched the estimates provided by Adjuvant! for each treatment option compared with patients with lower numeracy (odds ratios of 1.6 to 2.4). As estimates of treatment efficacy provided by Adjuvant! increased, so did patients' estimates of cancer-free survival (0.37 > r s > 0.48) and their perceptions of treatment benefit from hormonal therapy (r s = 0.28) and combined therapy (r s = 0.27). These relationships were significantly more pronounced for those with higher numeracy, especially for perceived benefit of combined therapy. Results suggest that numeracy influences a patient's ability to interpret numerical estimates of treatment efficacy from decision aids such as Adjuvant!. Key words: patient decision making; risk communication or risk perception; numeracy; breast cancer/mammography; health literacy. (Med Decis Making 2010;30:464-473) M any women with early-stage, estrogen receptor-positive (ER+) breast cancers will need to decide whether to undergo adjuvant therapy to prevent cancer recurrence and which form of treatment, if any, to choose: hormonal therapy, chemotherapy, or both. They will need to know treatment risk/ benefit tradeoffs to derive an accurate understanding of treatment expectations 1À4 ; this responsibility often falls to the oncologist. To this end, oncologists often share data from decision aids with patients to help facilitate clinical discussions about breast cancer adjuvant therapy. 5À10 A decision aid called Adjuvant! is used frequently in practice; it provides numerical estimates, accompanied by graphical displays, of being cancer free in 10 y under 4 treatment options: no further treatment, chemotherapy only, hormonal therapy only, and combined chemotherapy and hormonal therapy (http://www.adjuvantonline .com). 6 Adjuvant! has been shown to affect the proportion of women desiring adjuvant therapy. 9;10 For example, Siminoff and colleagues 10 found that among breast cancer patients with stage I to III disease (N = 405), patients who received an Adjuvant! Decision Guide were less likely to choose adjuvant therapy compared with patients who received an educational pamphlet on adjuvant treatments.
Very little data exist as to how patients with varying numeracy skills (i.e., facility with understanding and applying mathematical concepts 11 Þ extract and assign degree of benefit to numerical estimates provided by Adjuvant!. Indeed, many breast cancer patients overestimate the benefit of treatment. 12À14 Individual differences in numeracy may account partially for why misunderstandings occur. For example, Zikmund-Fisher and colleagues 15 enlisted the aid of women aged 40 to 74 y as part of a Webbased study to explore how different graphical displays (e.g., pictographs) of conveying data from Adjuvant! interacted with a measure of subjective numeracy 16 to affect comprehension. Although no interactions emerged between graphical format and subjective numeracy, those with higher subjective numeracy scores had better comprehension of the benefit of adding chemotherapy to hormonal therapy than those participants with lower numeracy. Whether their results generalize to the context of actual treatment decisions that involve breast cancer patients and the use of an objective numeracy measure is unknown. The main focus of this report is to ascertain how early-stage breast cancer patients' objective numeracy skills influence their ability to extract statistical data on the likelihood of cancerfree survival based on different treatment options and how they apply this information to affect their perceptions of personal treatment benefit and treatment decision.
METHODS

Study Participants and Recruitment
This report is based on data from 2 pilot studies exploring how breast cancer patients understand treatment expectations using Adjuvant! to inform treatment decisions-called pilot study 1 and pilot study 2, respectively. For both studies, women who received oncologic care at Duke University Medical Center after definitive surgery for removal of early breast cancer and who were pathologically staged (T1-T3, N0-1 [< 9 + LN]) were eligible to participate. Patients were identified before or at their initial clinic visit to discuss adjuvant therapy, sent a letter signed by their oncologist describing the study, and then called to assess interest in participation. If we were unable to reach a patient before the visit, she was approached in the waiting room about participation by either a clinical study oncology nurse or the oncologist. After explaining the purpose of each study, patients who gave written consent took part in the study procedures (discussed below). Participants were paid $30 (pilot 1) or $40 (pilot 2) for their participation. For both studies, final treatment decisions up to 1 y after initial clinic discussions were obtained based on medical chart audits. For 17 patients who were seen at Duke only once, final treatment delivered was unknown.
Pilot 1 Procedure
The study involved patients completing a survey before seeing their oncologist (preclinic survey), then having discussions of adjuvant therapy with their oncologist, followed by completing a 2nd survey (postclinic survey) immediately after the discussion. Oncologists presented patients with their chances of being cancer free during the next 10 y using the printout accompanying Adjuvant! (see Figure 1 ). As shown in Figure 1 , specific for this patient with ER+ disease, the estimates of being cancer free during the next 10 y without treatment, with hormonal therapy only, chemotherapy only, and hormonal plus chemotherapy are 70, 76, 74, and 79 out of 100, respectively. For example, the patient would be told that without further treatment after surgery, we would expect 70 women out of 100 women like her to be cancer free in 10 y.
All patients were given the printout to help, as needed, answer questions on the postclinic survey. The completed survey was sealed in a manila envelope and collected by the oncology nurse; patients were told their physician would not see their responses. Because the nurse did not review the survey prior to its being placed in the envelope, several questions were left blank, reducing the sample size for some analyses. Seventy-three patients consented, of which 60 had ER+ disease.
Pilot 2 Procedure
This pilot study examined how providing patients a videotape discussing adjuvant treatment influenced treatment expectations. After following the recruitment and consenting procedures discussed previously, patients on the day of their clinic visit were randomized to watch a video or not. The video, reviewed by patients in the waiting room prior to seeing their oncologist, was a decision aid developed by the Foundation for Informed Medical Decision Making titled ''Early Breast Cancer: Hormone Therapy and Chemotherapy-Are They Right for You?'' (version BCA001 v.03). It covered adjuvant treatment options and when a treatment might be more effective, and it provided narratives of women discussing why they selected a treatment. All patients completed a preclinic survey, then discussed adjuvant treatment with their oncologist, and then completed the postclinic survey, which included a printout of Adjuvant!. Sixty-one of the 89 patients (68%) approached consented to participate a ; we obtained complete data on 59 (1 patient did not complete the postclinic survey, and for 1 patient, the Adjuvant! Web site was unavailable). Among these patients, 45 had ER+ disease. Of these, 20 watched the video and 25 did not.
Preclinic Measures
Patients in both pilot studies completed an 11item numeracy scale 11 that assesses the ability to convert percentages to proportions, proportions to percentages, and probabilities to proportions and to perform tasks on risk magnitudes and proportions. Items left blank and incorrect answers were scored 0; correct answers were scored as 1.
Postclinic Measures
The postclinic survey assessed patients' treatment expectations and evaluations of the numerical information. The measures common to both pilots are described below.
Factual knowledge of treatment benefit. Patients chose which option afforded them the best chance of remaining cancer free in the next 10 y: 1) have no additional treatment, 2) take some form of hormonal therapy only, 3) take some form of chemotherapy only, and 4) take some form of hormonal therapy with chemotherapy (combined therapy). The correct answer was always combined therapy.
Expectations of treatment benefit. This was assessed 3 ways. First, patients were asked what their chance was out of 100 of being cancer free in the next 10 y if they 1) had no additional treatment, 2) took some form of hormonal therapy only, 3) took some form of chemotherapy only, and 4) took some form of hormonal therapy with chemotherapy. Second, they were asked, as it applied to them only, the degree of benefit they would receive by taking hormonal therapy or chemotherapy only as well as combined therapy (has no benefit, has little benefit, has a moderate amount of benefit, and has a lot of benefit). This was followed by asking patients how confident they felt they would be one of the women who would benefit from taking each of the 3 treatment options (not at all confident, slightly confident, somewhat confident, very confident, and completely confident).
Statistical Methods
Tests of association were conducted via Spearman correlations and w 2 tests. Mean comparisons between 2 groups were tested via 2-group independent t-tests; mean differences between more than 2 groups were tested by analysis of variance followed by tests of simple effects (i.e., Tukey). To test the main effect of numeracy, estimates from Adjuvant! and their interaction on patients' estimates of cancerfree survival (scored 0-100), perceived treatment benefit (scored 1-4), and confidence that one would benefit from treatment (scored 1-5), we used least squares regression analyses. We further examined which variables predicted choosing combined therapy. We postulated that patients would be more likely to choose combined therapy if they 1) accurately identified combined therapy as the treatment most likely to maximize cancer-free survival by Adjuvant! statistical estimates, 2) provided higher a. With respect to demographic characteristics, patients with ER+ disease who declined to participate were older than those who consented ( x = 65.1 v. x = 56.0. respectively, P < 0.005) but did not differ significantly with respect to distributions of race or education. Furthermore, there were no differences on the distributions of any of the clinical parameters (e.g., tumor size, number of nodes). Data on decliners were not assessed in the 1st pilot study.
estimates of benefit (0-100), 3) perceived greater treatment benefit, 4) felt more confident in being one of the women who would benefit from treatment, and 5) were more numerate. We also explored the influence of age, race, and education on this decision. To test these associations, we ran logistic regression models examining each of these 8 variables separately while controlling for actual degree of benefit based on Adjuvant! estimates and study design.
To account for variability due to difference in study designs, in all regression models we entered a 3-level dummy variable such that one group represented patients who could not be randomized to view the video (pilot 1 participants), a 2nd group who could be randomized but did not watch the video, and a 3rd group who could be randomized and viewed the video (the latter 2 groups were from the 2nd pilot). Two patients did not complete the numeracy scale; analyses involving numeracy excluded these patients. Patients in the top and bottom quartile of the distribution of numeracy scores were grouped as high and low numeracy groups, respectively; the remaining patients constituted the middle numeracy group.
RESULTS
Sample Characteristics
One-hundred five patients with ER+ disease completed a preclinic and postclinic survey. Demographic characteristics, clinical parameters, and distributions of numeracy scores for each sample and their combination are presented in Table 1 . Compared with other study samples testing patient understanding and use of Adjuvant!, our sample has comparable racial distributions, is slightly younger, and is more educated. 9;10;17 There were no statistically significant differences between the 2 samples on any demographic and clinical parameters, including comparisons between participants who watched the video or not.
The mean numeracy of 7.2 fell within the lower range found in other studies with adults (range 7.0-8.6; Zikmund-Fisher, personal communication, 3 June 2009). 18;19 Numeracy scores differed by race. African Americans had lower numeracy scores ( x = 4.8) compared with Caucasians ( x = 7.4) or Asians ( x = 7.8; P < 0.05 for each comparison); the latter 2 groups did not differ. Patients with at least some college, including a trade/technical school education, were more numerate than patients with a high school education or less ( x = 7.5 v. 6.4, t ð101Þ = 2.0, P = 0.044). Numeracy scores decreased with advancing age (r sð103Þ = -0.28, P = 0.004).
Factual Knowledge of Treatment Expectations
Sixty-six percent of patients correctly indicated that combined therapy maximized cancer-free survival. More numerate patients were significantly 
Relationship between Adjuvant! Estimates and Self-Estimates of Cancer-Free Survival
The mean estimates provided by Adjuvant! for being cancer free under the treatment and no-treatment options were compared with patient estimates (see Table 2 ). Compared with estimates provided by Adjuvant!, patients significantly underestimated their chances of remaining cancer free, regardless of treatment option (Ps < 0.006). Nonetheless, correlations between Adjuvant! and patient estimates across treatments were positive. Overall, 43%, 17%, 17%, and 19% of participants gave the exact estimate as Adjuvant! for no further treatment, hormonal therapy, chemotherapy, and combined therapy, respectively. Patients with higher numeracy scores were more likely to give personal estimates that matched the estimates from Adjuvant! for hormonal therapy (OR = 2.4, 95% CI = 1.5, 4.0; P = 0.0004; among those with an exact match, 83%, 17%, and 0% of patients were in the high, middle, and low numeracy groups, respectively), chemotherapy (OR = 1.7, 95% CI = 1.2, 2.4; P = 0.002; among those with an exact match, 78%, 17%, and 5% were patients in the high, middle, and low numeracy groups, respectively), and combined therapy (OR = 1.6, 95% CI = 1.2, 2.2; P = 0.002; among those with an exact match, 70%, 25%, and 5% of patients were in the high, middle, and low numeracy groups, respectively), but not with estimates of no further treatment (OR = 1.1, 95% CI = 1.2, 0.9; P = 0.178). Numeracy was unrelated to mean differences between Adjuvant! and self-estimates of benefit.
We tested whether patient estimates of cancerfree survival would parallel those of Adjuvant! as numeracy scores increased. The numeracy by Adjuvant! estimate interaction was significant for estimates under no further treatment, F(5, 92) = 8.6, P < 0.0001, adjusted R 2 = 28, b = 0.20, P < 0.001 for interaction; chemotherapy only, F(5, 88) = 4.3, P = 0.001, adjusted R 2 = 0.15, b = 0.21, P = 0.022 for interaction; hormonal therapy only, F(5, 93) = 3.7, P = 0.004, adjusted R 2 = 0.12, b = 0.23, P = 0.019 for interaction; and combined therapy, F(5, 89) = 4.0, P = 0.004, adjusted R 2 = 0.14, b = 0.27, P = 0.012 for interaction. Figure 2 displays for combined therapy how expectations of personal estimates of cancerfree survival differ among participants 1 standard deviation above and below the mean for numeracy and at the mean in relation to Adjuvant! estimatesat the mean and at 1 standard deviation above and below the mean. As Adjuvant!'s estimates increased, so did patients' estimates, especially among participants at and 1 standard deviation above the mean for numeracy; at low levels of numeracy, there was little relation between patients' estimates and Adjuvant! estimates. The same general pattern held for the other 3 treatment options.
Relationship between Adjuvant! Estimates and Subjective Evaluation of Benefit for Self and Confidence in Benefit for Self
Patients' ratings of personal treatment benefit and of their confidence that they will personally benefit from treatment are shown in Table 3 : Correlations between perceived benefit and confidence ranged from 0.41 to 0.59, Ps < 0.0001. As Adjuvant!'s estimates for being cancer free under hormonal therapy only and combined therapy increased, so did patients' perceived benefit. No significant correlations were found between the estimates provided by Adjuvant! and participants' confidence in being one of the women who would personally benefit. We tested whether patient estimates of perceived treatment benefit and confidence that they will benefit from treatment would increase as estimates provided by Adjuvant! increased and whether these relationships would be affected by patient numeracy. As shown in Figure 3 , numeracy interacted significantly with the estimates provided by Adjuvant!. Those with average or higher numeracy showed the expected relationship between perceived and estimated treatment benefit, whereas those with lower numeracy demonstrated no differences in perceived benefit across different levels of estimated benefit, F(5, 91) = 2.7, P = 0.026, adjusted R 2 = 0.08, b = 0.005, P = 0.038 for interaction. The interaction with confidence was not significant but displayed the same pattern (b = 0.005, P = 0.118 for interaction).
Treatment Decisions
Among the 88 patients with data, 2 opted for no further treatment, 2 opted for chemotherapy only, 1 did not make a decision, 48 chose hormonal therapy only, and 35 chose combined chemotherapy and hormonal therapy. The logistic regression results testing 8 separate predictors of choosing combined therapy are presented in Table 4 .
Patients were more likely to choose combined therapy if they were younger, perceived greater personal treatment benefit, felt more confident in being one of the women who would personally benefit, and accurately picked combined therapy as the treatment that statistically maximized the likelihood of cancer-free survival. Although numeracy was not a significant independent predictor of choices of combined therapy, we explored whether it would interact with each of the 4 aforementioned significant predictors, controlling for actual degree of benefit based on Adjuvant! estimates and study design.
Numeracy interacted only with age (OR = 1.05, 95% CI = 1.01, 1.09; P = 0.022). As shown in Figure 4 , the predicted probability of choosing combined therapy decreased significantly with increasing age but decreased less among patients with higher numeracy scores compared with patients with average or lower numeracy scores.
DISCUSSION
We found, consistent with other reports, 16 that most participants did not provide a personal estimate of cancer-free survival that matched the estimates provided by Adjuvant!. However, matches were more likely among patients who were more numerate. Furthermore, the outcomes of perceived cancer-free survival and perceived treatment benefit were affected by the interaction between numeracy and the estimates provided by Adjuvant! As Adjuvant! cancer-free survival scores increased, more numerate patients provided higher estimates of cancer-free survival and perceived greater personal treatment benefit, especially for combined therapy, but those with lower numeracy did not. As such, this study goes beyond the study of comprehension to demonstrate a lack of sensitivity in benefit ratings to different numeric levels of risk in the less numerate, whereas the highly numerate demonstrated the expected sensitivity. 20 Disconcertingly, 30% to 40% of women did not identify correctly the treatment that statistically maximized cancer-free survival. Patients with higher numeracy scores more often identified which treatment maximized cancer-free survival. Although this effect may be attributable to numeracy, some patients logically may have thought that 2 treatments, chemotherapy and hormonal therapy, are better than 1. Factual understanding of the latter was significantly related to whether they chose combined therapy. Although numeracy did not directly influence treatment choice, it may have had a pronounced effect in this process by helping women extract meaning from numerical estimates that they applied later to treatment selection. The same holds true of the relationship between perceived treatment benefit and treatment selection. Women who perceived greater benefit of combined therapy were also more likely to select this option.
Based on these findings, one may conclude that physicians should not provide numerical information such as Adjuvant! estimates because patients do not consistently use the information. We disagree. Numerical data might serve better, however, than the current format of Adjuvant! if presented in a more user-friendly manner. As shown in Figure 1 , data on treatment benefit as presented by Adjuvant! are complex and potentially confusing. Patients have to add numbers together from different locations (e.g., add estimates from the additional number of women helped under a treatment option to the no-treatment option to derive total benefit); furthermore, the shaded aspects of the horizontal stacked bars and the redundancy across the stacked bars likely add to the confusion. Reduced comprehension and lower-quality choices are related to decisions that require greater cognitive effort in processing numeric information, particularly among less numerate consumers. 21 Other potentially more effective strategies might be to present the total number of women expected to be cancer free by summing the additional number of women expected to be cancer free under a specific treatment with the number expected with no additional treatment, as well as to order treatments from least to most effective. 22 Zikmund-Fisher and colleagues 15 found that a 2-option pictograph format that compared hormonal therapy to that of hormonal therapy and chemotherapy (e.g., how many more women were alive due to chemotherapy) was significantly more effective at helping women understand the level of risk reduction associated with adding chemotherapy to hormonal therapy than the 4-option horizontal bar format used by Adjuvant!. Such simplified graphics that focus attention on the most crucial information may help patients retain the gist of which treatment option offers the best hope of remaining cancer free. 23 If true, formats of the presentation should focus on helping patients accurately understand and remember the essential meaning of treatment benefits and risks. 24 We were surprised to find that patients' feelings of confidence that they would be one of the women to benefit from various treatments were uncorrelated with the estimates provided by Adjuvant!. It is unclear whether patients were extracting the essential meaning of what these estimates implied or whether the implicit consideration of being one who benefitted versus one who did not might have altered processing in some way. Studies are warranted that explore the meaning patients attach to estimates and how they translate population-based statistics into feelings about whether they themselves will benefit. With respect to the above, it is unclear why numeracy interacted with estimates from Adjuvant! to predict treatment benefit but not with confidence ratings (although the results were in the predicted direction), especially given that perceived benefit and confidence were highly correlated (r ðsÞ = 0.59). A patient may take into account different factors when judging confidence that she will be one of the women who benefits than when estimating amount of personal benefit. This explanation is consistent with the greater statistical variability associated with the confidence than the benefit ratings.
Based on our findings, oncologists should spend more time assessing patient understanding of treatment benefits. At a minimum, they should probe whether patients understand which treatment option statistically maximizes the chance of remaining cancer free; such an understanding is related to treatment choice. As a potential barrier to this process, oncologists who believe their patients comprehend the information may probe less for understanding. Indeed, physicians often overestimate patient knowledge. 25; 26 An interesting question is whether informing oncologists of their patients' numeracy skills would alter both the amount and the format in which information about treatment risks and benefits is presented. Would they convey risk information using a greater number of verbal probability statements (e.g., unlikely)? A problem with using verbal probability statements is that such terms have substantial variability in interpretations, potentially leading to more confusion. 27 The study has several limitations. First, it is not clear how representative this sample was of breast cancer patients in general. Second, no data were obtained as to what transpired during the conversations. For example, we do not know what similarities and differences existed among the oncologists in their use of Adjuvant!, how the estimates were reviewed, or the type of questions patients posed about the Adjuvant! estimates that might have influenced understanding and decisions. One might assume an age bias in conversations with older persons such that the provider gave less emphasis to the benefit of chemotherapy or combined therapy than what was given to younger women in similar clinical situations. Our data suggest that such discussions are justifiable given that age was negatively correlated with the Adjuvant! estimates of cancerfree survival across all treatment (−0.48 < r s(105) < 0.71, Ps < 0.0001). Of import, numeracy interacted with age: Patients with higher numeracy scores are less likely to take combined therapy at younger ages and more likely to take combined therapy with increasing age compared with women with average or lower numeracy scores. This suggests that numeracy may have a deleterious effect by dissuading women at younger ages to select combined therapy when it is more advantageous than at older ages. An alternative interpretation, however, is that greater numeracy assisted women of all ages to appropriately take into account their numerical odds of survival along with other relevant information, whereas less numerate women reacted more to preconceived age biases in the need for aggressive care. Further study of this age by numeracy interaction is needed.
Fourth, many patients left questions unanswered, reducing statistical power. Fifth, we assume our questions about treatment benefit and confidence in benefit corresponded closely with estimates provided by Adjuvant!. However, patients may have thought of benefit in other terms (e.g., fewer side effects, less relapse risk, etc.). Sixth, we pooled together 2 studies that used different designs. Although we accounted for design differences in our analyses, some unmeasured between-study factors may have revealed more differences between these study samples than observed herein. Clearly, these findings merit replication.
Despite these weaknesses, our data suggest more work is needed to probe how early-stage breast cancer patients extract, understand, and use numerical estimates of adjuvant treatment benefit based on existing decision aids and how those estimates can be presented to improve clinical care. In this multistep decision-making process, numeracy seems to play a significant role and should be investigated further in the critical processes of breast cancer treatment decisions. Indeed, with the availability of 1stgeneration genomic tests such as the Oncotype DX and Mammaprint, 28 patients will continue to face quantitative risk information to guide treatment decisions and individualized care.
